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STAT 


GENERAL SERVICES ADMINISTRATION 

WASHINGTON, D. C. 20403 


July 9, 1965 


GSA BULLETIN FPMR NO. B-2 
ARCHIVES AND RECORDS 

TO : Heads of Federal Agencies 

SUBJECT; Blemishes on negative microfilm 


L Purpose. This bulletin contains information to aid in preventing 
the possible loss of important data caused by blemishes on negative 
microfilm. 

2. Background. Heads of Federal agencies were notified of the dis- 
covery of blemishes on processed microfilm negatives by General 
Services Administration Circular No. 326, January 21, 1964. Since 
that time, the National Bureau of Standards has conducted a study to 
determine the cause of these defects and to aid in establishing pre- 
ventive measures. Their published report (Technical Note 261, Sum- 
mary of Current Research on Archival Microfilm, April 16, 1965) 
offers guidelines to be followed in processing, handling, and storing 

of microfilm to prevent possible formation of blemishes. The National 
Bureau of Standards has not made final recommendations so GSA has 
not issued new microfilming standards. 

3. Interim practice concerning the microfilming of permanent records. 
Until further notice, General Services Administration will not approve 
the disposal of records of permanent archival value based on the retention 
of a microfilm copy of the originals. Existing authority for disposal 

will not be rescinded, but it is suggested that agencies follow the recom- 
mendations in paragraph 4, below. 

4. Suggested agency action. Pending the issuance of new microfilm 
standards, agencies are urged to have positive copies made of existing 
collections of negative microfilm appraised by the National Archives 
as having permanent value. Agencies should also consider making 
positive copies of existing collections of negative microfilm of vital 
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records scheduled for long-term retention or indefinite storage. The 
making of positive copies of the negative microfilm should also be 
considered for current projects. 


Expirat ion date. This bulletin expires June 30, 1966. 
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pSUble with international standards 
because of the differences in the >sys~ 
tem of measurement? and can we retain 
and promote U.S. standards interna- 
tional lA^whether or not there /is a 
change inNour measurement system? 

A series national conferences 
will be held during the/summer and 
fall of 1970, each investigating a 
specific major sector' of the economy. 
lhc date and topic,® of these confer- 
ences, a 1*1 but oneXof which will be 
held in Washing tph , V.c. , will be an- 
nounced later. /The deception, a week- 
long meeting sponsorecNjointly by NBS 
and the Engineering Foundation, will be 
held in mid/August at De&rfield, Mass. 
The 1971 timetable calls nor analyzing 
the data /nd writing the report which 
will contain recommendations\by the 
Secretary of Commerce on the Vest 
courser of action for the U.S.Aand for 
presenting a report to CongressVin 
August 1971, which NBS states will be 
mace on schedule. \ 


ANSI STANDARD FOR THE / 

ABBREVIATION OF PERIODICAL TITLES! 


time American National Standards Ip- 
s" - uce (ANSI) has published at joint 
Ai\il - Vritish Standards Ins/itution 
Anglo-American standard toy the 
abbreviation of periodical titles. 


The racormendations/of the standard 
are applicable to serial and many non- 
serial publications/ including mono- 
graphs and con ffc^re/fee proceedings. 

They are intendey/to guide and assise 
anchors, edi tor/j\librarians and iothers 
working in various\areas of information 
.ransfer activity iri preparing unique, 
■nambiguou/ abbreviations within ja 
specific frame of reference for the 
-c;. :.les o / publications Vited in foot-- 
-t ", /references and bibliographlies . 


spies of the standard,\iesignatec. 
5 - 1269 are available ^rom ANSI 
" - a., -'way. New York, N.Y.\100l8, 
r copy. \ 


OLR/ALA PLAN FOR PREPACJCACINC/ 
OlXcORE COLLEGE BOOK COLLECTION 


Thev Council on Library Resources 
(CLR) and the American Library /associ- 
ation (ALA) have jointly announced 
plans foX preparation of a Catalog of 
core book V. for college lib/aries. 

This new liVt is expected /to serve as 
the basis fo\a contemplated "package 
library program" in which college, li- 
braries could be provided with core 
collections that were preselected, 
acquired, processed, and delivered 
with a catalog so \bar books could be 
placed on the shelves' immediately. 

The list is expectecv(to contain some 
40,000 titles and is \o be available 
in 1971. / \ 

Selection of titles tto be included 
in the list willyoe performed by the 
same reviewers who choose Vitles for 
review in CHOICE. Peter Dddron, edi- 
tor of CHOICE , Lxll supervise compila- 
, tion of the tiycles with the help of a 
senior editor /not yet appointed. 

The proje/t will be under the aus- 
pices .of t ha Association of College and 
Research Libraries (ACRL) of ALA and 
will be funded by CLR. An Advisory 
Committee/has been appointed by ACRL 
with Phi yip J. McNiff, Director or the 
Boston Public Library, as Chairman. 
Responsibility for preparation of Ithe 
core catalog has been delegated ta the 
ACRL by the ALA Publishing Board apd 
Edito/ial Committee , with William 1 
Ruttyr, ALA's Associate Executive Di- 
rector 'for Publishing' Services , as] 
Project Manager,, and J. Donald Thoiias, 
Executive Secretary of ACRL, providing 
liaison with the Advisory Committee! 


NBS FINDINGS ON PREVENTION OF 
MICROFILM BLEMISHES j/ 

* A U.S. National Bureau of Standards 
(NBS) Institute for Basic Standards 
study reveals that gases evolved from 
paper and paper-lined storage cartons 
are responsible for the formation of 
blemishes on processed microfilm. Dis- 
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\ placement of image silver has been pin- 
.vO-.nuod to an oxidation reduction re- 
action caused by peroxide and other 
gases. The study, by C.S. McCamy and 
C.I. Pope of tlie NBS Institute for / 
Basic Standards, has also indicated/ 
that simple precautionary measures may 
be taken to eliminate '‘redox" blemish- 
ing. \ ! 


i he _ formation of spots or blemishes 
on processed microfilm was cause' for 
alcii'm ameng film manufacturers , archi- 
vists, Government agencies, etc. The 
extent of the, concern is reflected by . 
the number of agencies that sponsored 
tne research to solve the problem: 
the National Archives and Records 
Service, the Library of Congress,; the 
Social Security Administration, the 
Navy Bureau of Weapons, and the Adjutant 
General s Office of the Department o : 
the Army. In addition, the -National 
Microfilm Association solicited and 
secured financial support from the 
Bell and Howell Company, E. I. duPont 
de Nemours and Company, Dynacolor 
Corporation, IBM Corporation, Minnqr- 
sota Mining and Manufacturing Companv 
Kecordak Corporation, University 
Microfilms, and Xerox Corporation'. 

When it became apparent that blemish 
formation was a widespread problem, a \ 
field survey was conducted in which 100 
trained inspectors examined over 7400 
roles of microfilm in different Govern- 
ment agencies. More than 370,000 ob-; 
servations were recorded and then sta L 
tistically analyzed at NBS. Among the 
findings of the survey were: blemishes 
_ existed in 6 different types; blemish 
formation was more severe in humid 
storage areas; films stored in metal I 
containers were practically blemish 
free; films stored in air-conditioned! 
areas were less prone to blemish; and; 
when there were no leaders on the ,filn| 
rolls, blemish formation was 2 to 3 ! 

times as severe as when. film rolls had 
leaders of approximately 1.5 meters. 

.those factors tended to confirm the j 
theory that products evolved from the ! 
paper storage cartons were responsible 
for blemish formation. 

Results of the study have indicated 
several precautionary measures that may 
be taken to prevent blemish formation: 


1» Use safety base permanent record 
film as specified in the ANSI (formerly 
USASI) specifications for photographic 
films for permanent records. 

2. Use no higher densities than arc- 
required for the intended purposes and 
use dark characters on a light back- 
ground if this is feasible. 

3. Residual thiosulfate concentra- 
tion should not exceed 1 microgram per 
square centimeter, but should be greater 
than zero. The optimum concentration 

to be about 0.5 microgram per 
square centimeter in a clear area. 

4. Keep processing machinery and 
film clean. 

1 . 

V 5. Avoid scratching film. 

6. Store films in containers made 
of inert materials, such as metals or 
plastics of proven quality. with good 
ventilation and clean air, the con- 
tainers need not be sealed. 

7. Do not permit storage temperature 
to exceed 70 F nor the relative humidi- 
ty to exceed 40 percent. 

8. Avoid wide-range cycling of tem- 
P®^-^ture and humidity, since this ac- 
celerates the imbibition of gaseous 
.contaminants. 


L'TPAND DAVI TO PROPOSE STANDARDS 
FORsJiUDIQ VISUAL EQUIPMENT 

The Libha^y Technology Plrc >gram (LTP) • 
of the . Aaneric^LibraryJ^Cssociation 
signed an agreement w^fh the Department 
of .Audiovisual Instsc^ction (DAVI) , an 
affiliate of theAfatrisinal Education 
Association, tp/3ointly\sponsor and 
finance ■ the clfafting of performance 
standards .for audiovisual ^equipment. 
Standard sr will be sought fo£ record 
pi ay ersq tape recorders and playback 
16mm motion picture souhti pro- 
jectors, and filmstrip and combination 
fi'imstrip/slide projectors. 'N. 


SCIENTIFIC INFORMATION NOUS 
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Review of Proposed USA Standard for Archival Film 


Appendix C 
Microscopic Blemishes 

Some processed negative microfilms on cellulose ester 
base in storage for two to twenty years have developed 
microscopically small colored spots or blemishes. These 
spots werq first discovered in 1961. The fogged leader at the 
outside of the roll is more frequently affected by the blem- 
ishes, which are generally red or yellow in color and are 
smaller in size than the image characters (for example, a 
typewritten cipher reduced 20X) on the microfilm. On 
occasion, these spots are observed further into the roll and 
appear in image areas. Evidence to date indicates that nega- 
tive microfilms on polyester base are neither more nor less 
susceptible to microscopic blemishes than microfilms on 
cellulose ester base. A more detailed description of the 
blemishes and of the techniques used in inspecting micro- 
film is given in National Bureau of Standards Handbook 

96 .( 14 ) 

The spots are believed to be caused by the oxidation o f 
th e image .silver and the migration of the silver ion to local- 
]zed_ateas. The color Tnay be due to colloidal silver.< 10.15) 
Oxidizing agents which can cause image degradation are 
aerial oxygen, whose action on the film is strongly acceler- 
ated by m oistur e, and at mospheric contaminant s, such as 
p eroxide s, o zone, sulfur dioxide, hydrogen sulfide, and 
ni trogen oxides , all occurring in industrial atmospheres. 
Peroxide s may be p resent in some varieties of wood and may 
also be formed as the result o f aging of paper inserts etc. and 
cardboard containers commonly used in storing film. The, 
latter appear as a likely source of oxidants associated with 
blemish formation. 


The conditions under which microfilm is processed have 
been found to play a role in the development of the blem- 
ishes when the film has been improperly stored in a humid 
atmosphere. Good processing techniques are essential so that 
the film emerges from the process free of water and chemical 
spots, dirt, dust, scratches, and other blemishes. Washing 
procedures should provide uniform removal of the thiosul- 
fate and the associated silver compounds. Drying should be 
uniform and extremes of temperature should be avoided. A 
small quantity of potassium iodide in the fixing bath com- 
bined with proper storage conditions, has been found to 
provide some protection against these blemishes in micro-- 
film. (HI 

It must be emphasized that the conditions under which 
microfilm is stored play a vital role in the development of 
these defects Storage in cool, dry air that is free of oxidizing 
gases or vapors is important. Storage in metal cans rather 
than with paper or in cardboard cartons, which produce per- 
oxides with age, is recommended. 

A protective gold treatment provides a high degree of pro- 
tection against microscopic blemishes and may be applied 
either as a part of the photographic processing procedure or 
as a post-processing treatment.! 12 , 13 ) 


Appendix D -/ 

' .. Emulsion Adhesion 

One property of film on polyethylene terephthalate) 
base which requires consideration is that of the adhesion of 
the photographic and backing layers to this base. For some 
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films this is not quite as good in all respects or under all 
conditions as is the case with cellulose ester-type bases. The 
extreme chemical inertness of this new film base makes the 
problem of adhesion much more difficult. Of importance is 
the effect of very low relative humidities which cause the 
gelatin photographic and backing layers to contract and im- 
pose severe stresses on the gelatin adhesion. Cycling relative 
humidities from moderate to very low cause alternate ex- 
pansion and contraction of the gelatin layers which can be 
particularly severe on the adhesive bond. The magnitude of 
this stress on the bond is very dependent on the thickness 
and physical characteristics of the gelatin layers which differ 
with each type of film. 

Under extreme conditions of elevated temperature and 
low or cycling relative humidities, gelatin photographic 
layers and backing layers on polyester base sometimes de- 
velop adhesion defects, such as slight edge peeling, flaking, 
emulsion cracking, etc., while similar layers on cellulose 
ester base under the same conditions do not exhibit these 
defects or do so to a lesser degree. For this reason the 
relative humidity is extremely important for permanent 
record storage. The recommended environmental conditions 
for archival storage are temperatures less than 70 F and a 
relative humidity between 30 and 50% RH. It is essential 
that polyester base films for permanent records not only 
meet the requirements of this specification, but that they 
are stored under proper storage conditions. These are spec- 
ified in pertinent USA standards. 


REFERENCES 


(These references are not a part of USA Standard Specifi- 
cation for Silver-Gelatin Type Photographic Films on Poly- 
ester Base for Archival Records, PH1.41-196x.) 

(1) Adelstein, P. Z. and McCrea, J. L. Permanence of 
Processed Estar Polyester Base Photographic Films. 
Photographic Science and Engineering, 9 ( September, 
19651,305-313. 

(2) Anderson, D. H. and Woodall, N. B. Infrared Identifi- 
cation of Materials in the Fractional Milligram Range. 
Analytical Chemistry, 25 (December, 1953) 1906- 

' 1909. . 

(3) , Carr, D. S. and Harris, B. L. Solutions for Maintaining 

Constant Relative Humidity. Journal of Industrial 
Engineering Chemistry, 41 . (September. 1949) ?ni4- 
2015. 

( 4 ) ' /Crabtree, J. I., Eaton, G. T., and Muehler, L. E. The 

Removal of Hypo and Silver Salts from Photographic 
Materials as Affected by the Composition of the Pro- 
cessing Solutions. Journal of the Society of Motion 
j Picture Engineers. 41 . (July. 1943) 9-R ft 

(5) Crabtree, J. I and Henn, R. W. Increasing the Washing 
. Rate of Motion-Picture Films with Salt Solutions. 

Journal of the Society of Motion Picture and Tele- 
vision Engineers, 65. (July, 1956), 378-381. 

(6) Evans, G. H. Testing Aerial Photographic Negatives 
for Residual Sodium Thiosulfate. Photoorammetric 
Engineering, 8 . (1942). 121-128 

(7) Centa, J. M. Performance Characteristics of Cronar 
Polyester Photographic Film Base. Photoorammetric 
Engineering, 24 (September, 1955 ). 539 - 542 . 
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GENERAL SERVICES ADMINISTRATION 



National Archives and Records Service ■ 

Washington, D.C. 2040S 

January 3, 1969 i 

A'c d'ib N>/S S d/sOS) £. d 

IN RE*.Y nCrCfl YOl / 


Kr. R, L. Bannerraan 
Deputy Director for Support 
Central Intelligence Agency 
Washington , D.C. 20505 

Dear Mr. Banncrnan: 

Thank you for your letter of December 16 asking about the status of the 
research program to determine the causes of nicrofilm blemishes. 

Since our last progress report, the National Bureau of Standards has 
completed its research and prepared a preliminary report of findings 
-nd recommendations. On the basis of this report, the United States 
or America Standards Institute has drafted proposed stand-rds for 
: processing and storing archival microfilm so as to present the 

about'a^ar Chat USASI wil1 Publish the standards in 

To enable agencies to undertake new microfilming programs we a-e 

di~i n “f A SCandards archival micro film^hich will permit the 

ari-e° rccord3, Unless lagal or technical difficulties 

for°-rcWval milrifir pe r y ifw 3s “ cnt Re Sulations concerning standards 
r o*rcnival taicrofilm should be available by March 1969, 

If you need more information please contact Mr. Herbert E. An-cl Deoutv 
Archivist of the United States, telephone code 13, extension 33435. 7 

Sincerely, 

! JAMES B. RHOADS 
Archivist of the United States 


Keep Freedom in Four Future V/ilh U.S. Savings Bonds 
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y.v. James B. Shosdes 1 

Archivist of the United States 

General Services Administration . 

national Archives and Seconds Service 
Washington, D. C. 

Bear Vs. Bhoades: 

In 19'o4 tae Central Intelligence Agency agreed, along vith 
several other agencies, to transfer funds to the National^ Bureau 
c ; S'candsrao to support a research program to determine the causes 
oi oleuishes on microfilm. Since that time your office hus re- 
ported progress of the study on two occasions, in Anril end 
Mwves.c&r l>'o ? bus final conclusions hud not been, reached when thos 
reports mere prepared. He are currently considering; alternative 
solutions to s critical storage problem, and attempting to nreject 
our space requirements for records storage over the next several 
years, i’he feasibility of using negative microfilm instead oi’~ 
iw,r.j copy icr long tern snd permanent storage nay be a critical 
factor in our planning. 

'•® '•'oulu appreciate- very much hearing the current status o" 
the ^ study onu whether you expect to be able to reaffirm the currou 
poiiey or establish a rcw policy to govern uicrof Using any time 
soon. 


Sincerely, 


B. L. Bannemc:' 
Deputy Director 
for Support 

Distribution: 

Orig & 1 - Adse 
1 - ER 

1 - DBS Chrono 
1 - DBS Subject 
1 - SSS Subject 
1 - SSS Chrono 
1 - SSS/RAB 

DDS/SSS/BA3, Pms (11 Dec 68) 


STATINTL 
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U.S. DEPARTMENT Of COMMERCE’ National Bureau of Standards 


Washington, D.C. 20234. 


FUR THER INFORMATION AVAILABLE FROM NBS OFFICE OF TECHNICAL INFORMATION AND PUBLICATIONS/PHONE 301-921-2691 

March 1970 - STR-3910 


CAUSE AND PREVENTION OF MICROFILM BLEMISHES 


IN BRIEF ... NBS has studied the cause and pre- 
vention of microfilm blemishes. The study has 
shown that blemishes result from an oxidation- 
reduction reaction of the silver image by 
peroxides and other gaseous products evolved 
by the degradation of paper storage cartons. 
Results of the study have indicated measures 
for preventing microfilm blemishing. 


A comprehensive study, by C. S. McCamy and C. I. 
Pope of the NBS Institute for Basic Standards (U.S. 
Department of Commerce), has revealed that gases evolved 
from paper and paper-lined storage cartons are responsi- 
ble for the formation of blemishes on processed micro- 
film^ Displacement of image silver has been pin-pointed 
to an oxidation-reduction reaction caused by peroxide 
and other gases. The blemishes have become known, 
therefore, as "redox blemishes. " Fortunately, the study 
has also indicated that simple precautionary measures 
may be taken to eliminate redox blemishing. 


17 — McCamy, C.S., and Pope, C.I., Redox blemishes, their cause and 
prevention, presented at the National Microfilm Association 
Meeting held May 7, 19&9) Boston, Mass. 
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Several years ago, there were reports of the forma- 
tion of spots or blemishes on processed microfilm. As a 
great deal of information is stored on microfilm, this 
was cause for alarm among film manufacturers, archivists, 

Government agencies, and other records -keeping concerns. 

The extent of the concern is illustrated by the number 
of agencies that sponsored the research to solve the 
problem. These were the National Archives and Records 
Service, the Library of Congress, the Social Security 
Administration, the Navy Bureau of Weapons, and the 
Adjutant General's Office of the Department of the Army. 

In addition, the National Microfilm Association solicited 
and secured financial support from the Bell and Howell 
Company, E. I. DuPont de Nemours and Company, Dynacolor 
Corporation, International Business Machines, Minnesota 
Mining and Manufacturing Company, Recordak Corporation, 

University Microfilms, and Xerox Corporation. 

When it became apparent that blemish formation was 

2 / 

a widespread problem, a field survey was conducted in 
which 100 trained inspectors examined over 7400 roles of 
microfilm in different Government agencies. More than 
370 000 observations Were recorded and then statistically 
analyzed at NBS. Among the findings of the survey were; 

2 / McCamy, C.S., Wiley, S.R., and Speckman, J.A., A survey of blemishes 

on processed microfilm, J. Res. Nat. Bur. Stand. (U.S.), 73 A, 79 (1969). 
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blemishes existed in 6 different types; blemish forma- 
tion was more severe in humid storage areas; films stored 
in metal containers were practically blemish free; films 
stored in air-conditioned areas were less prone to blem- 
ish; and, when there were no leaders on the film rolls, 
blemish formation was 2 to 3 times as severe as when 
film rolls had leaders of approximately 1.5 meters. 

These factors tended to confirm the theory that 
products evolved from the paper storage cartons were re- 
sponsible for blemish formation. Hydrogen peroxide is 
evolved as paper degrades and the rate of this reaction 
increases with the concentration of hydrogen peroxide. 

To simulate this natural storage condition in the labora- 
tory, paper was immersed in a 5 percent hydrogen peroxide 
solution for thirty minutes, dried, and then sealed in 
jars with specimens of films at approximately 80 percent 
relative humidity. These films developed all the 
naturally occurring blemishes within 30 days. 

While this apparently confirmed the theory of per- 
oxide induced blemish formation, other observations were 

3/ 

not explained. Studies elsewhere, - for example, had 
revealed that films fixed in solutions containing small 
concentrations of iodide ions resisted blemish formation 


37 Henn, R.E., Wiest, D.G. , and Mack, B.D., Microscopic spots in 
processed microfilm: the effects of iodide, Phot. Sci. Eng. 9, 

121 (1965). 
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in actual storage. Such films, however, did form blem- 
ishes in laboratory exposures to peroxide-treated paper. 

This suggested that factors other than peroxide were 
involved . 

Further laboratory work was undertaken, which revealed 
that formaldehyde and formic acid were also evolved from 
the paper cartons . This work emphasized the fact that 
the susceptibility of films to blemish formation in the 
presence of peroxide is conditioned by other factors . 

The silver grain, as formed in the gelatin matrix 
during development, is inherently unstable. In the normal 
photographic process, silver filaments become coated with 
sulfur atoms during fixation. It is this coating that 
stabilizes the grain structure. Films fixed a relatively 
long time and films retaining a small amount of hypo after 
washing acquire more sulfur and have been found to be 
quite resistant to blemish formation when they are exposed 
to peroxides , even at high humidity. 

It was also found that when silver is oxidized and 

reduced in the presence of chloride ions, the reduced 
silver becomes incorporated with silver chloride in a 
colloidal form. Laboratory demonstrations have shown 
that a reddish colored colloidal silver is formed by the 
reaction of hydrogen peroxide with pure metallic silver 
in the presence of a small concentration of chloride ions. 
The characteristic color of the blemishes has been attri- 
buted to the presence of this colloidal material. 
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This suggested an investigation into the effects of 
chlorine in the wash water on film stability. It was 
found that films washed in distilled water were faded by 
peroxide attack but typical blemishes did not form. A 
small concentration of chlorine, therefore, appears to 
be essential for formation of typical blemishes. 

The study also revealed that the incidence of spots 
increased with the optical density of the image. In one 
experiment, a step tablet exposed to peroxide-treated 
paper developed blemishes on all steps having densities 
of 0.58 or more; none, however, formed at densities of 
0.43 or less. The incidence of blemish formation also 
increased for each step above 0.58. 

While the differences in blemishing on various 
brands of film were not significant, the processing 
equipment was found to be an important factor. In fact, 
the formation of blemishes on film processed by a partic- 
ular machine so out-weighed the other statistics in the 
survey that it became necessary to run a second analysis 
without these data. Fortunately, this type of machine 
is no longer on the market . 

Results of the study have indicated several pre- 
cautionary measures that may be taken to prevent blemish 
formation : 
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1. Use safety base permanent record film as specified 
in the ANSI (formerly USASI) specifications for 
photographic films for permanent records. 

2. Use no higher densities than are required for the 
intended purposes and use dark characters on a light 
background if this is feasible. 

3. Residual thiosulfate concentration should not exceed 
1 microgram per square centimeter, but should be 
greater than zero. The optimum concentration appears 
to be about 0.5 microgram per square centimeter in a 
clear area. 

4. Keep processing machinery and film clean. 

5. Avoid scratching film. 

6. Store films in containers made of inert materials, 
such as metals or plastics of proven quality. With 
good ventilation and clean air, the containers need 
not be sealed. 

7 . Do not permit storage temperature to exceed 70 °F 
nor the relative humidity to exceed 40 percent. 

8. Avoid wide-range cycling of temperature and humidity, 
since this accelerates the imbibition of gaseous 
contaminants . 
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U.8. DEPARTMENT OF COMMERCE* National Bureau of Standards 


Washington, D.C, 20234. 


c/ 


FURTHER INFORMATION AVAILABLE FROM NBS OFFICE OF TECHNICAL INFORMATION AND PUBLICATIONS/PHONE 301-921-2691 


m ' 


March 1970 - STR-3910 


CAUSE AND PREVENTION OF MICROFILM BLEMISHES 


IN BRIEF ... NBS has studied the cause and pre- 
vention of microfilm blemishes. The study has 
shown that blemishes result from an oxidation- 
reduction reaction of the silver image by 
peroxides and other gaseous products evolved 
by the degradation of paper storage cartons. 
Results of the study have indicated measures 
for preventing microfilm blemishing. 


A comprehensive study, by C. S. McCamy and C. I. 
Pope of the NBS Institute for Basic Standards (U. S. 
Department of Commerce), has revealed that gases evolved 
from paper and paper-lined storage cartons are responsi- 
ble for the formation of blemishes on processed micro- 
filmT^ Displacement of image silver has been pin-pointed 
to an oxidation-reduction reaction caused by peroxide 
and other gases. The blemishes have become known, 
therefore, as "redox blemishes." Fortunately, the study 
has also indicated that simple precautionary measures 
may be taken to eliminate redox blemishing. 


17 McCamy, C.S., and Pope, C.I., Redox blemishes, their cause and 
prevention, presented at the National Microfilm Association 
Meeting held May 7 , 19&9? Boston, Mass. 
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Several years ago, there were reports of the forma- 
tion of spots or blemishes on processed microfilm. As a 
great deal of information is stored on microfilm, this 
was cause for alarm among film manufacturers, archivists, 

Government agencies, and other records -keeping concerns. 

The extent of the concern is illustrated by the number 
of agencies that sponsored the research to solve the 
problem. These were the National Archives and Records 
Service, the Library of Congress, the Social Security 
Administration, the Navy Bureau of Weapons, and the 
Adjutant General's Office of the Department of the Army. 

In addition, the National Microfilm Association solicited 
\ and secured financial support from the Bell and Howell 
Company, E. I. DuPont de Nemours and Company, Dynacolor 
1 Corporation, International Business Machines, Minnesota 
Mining and Manufacturing Company, Recordak Corporation, 

University Microfilms, and Xerox Corporation. 

When it became apparent that blemish formation was 

2 / 

a widespread problem, a field survey was conducted in 
which 100 trained inspectors examined over 7400 roles of 
microfilm in different Government agencies. More than 
370 000 observations “were recorded and then statistically 
analyzed at NBS. Among the findings of the survey were: 

J7 McCamy, C.S., Wiley, S.R., and Speckman, J.A., A survey of blemishes 

on processed microfilm, J. Res. Nat. Bur. Stand. (U.S.), 73A, 79 (1969). 
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blemishes existed in 6 different types; blemish forma- 
tion was more severe in humid storage areas; films stored 
in metal containers were practically blemish free; films 
stored in air-conditioned areas were less prone to blem- 
ish; and, when there were no leaders on the film rolls, 
blemish formation was 2 to 3 times as severe as when 
film rolls had leaders of approximately 1.5 meters. 

These factors tended to confirm the theory that 
products evolved from the paper storage cartons were re- 
sponsible for blemish formation. Hydrogen peroxide is 
evolved as paper degrades and the rate of this reaction 
increases with the concentration of hydrogen peroxide. 

To simulate this natural storage condition in the labora- 
tory, paper was immersed in a 5 percent hydrogen peroxide 
solution for thirty minutes, dried, and then sealed in 
jars with specimens of films at approximately 80 percent 
relative humidity. These films developed all the 
naturally occurring blemishes within 30 days. 

While this apparently confirmed the theory of per- 
oxide induced blemish formation, other observations were 

3/ 

not explained. Studies elsewhere, - for example, had 
revealed that films fixed in solutions containing small 
concentrations of -iodide ions resisted blemish formation 


3/ Henn, R.E., Wiest, D.G., and Mack, B.D., Microscopic spots in 
processed microfilm: the effects of iodide, Phot. Sci. Eng. 9, 
121 (1965). 
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in actual storage. Such films, however, did form blem- 
ishes in laboratory exposures to peroxide -treated paper. 
This suggested that factors other than peroxide were 
involved . 

Further laboratory work was undertaken, which revealed 
that formaldehyde and formic acid were also evolved from 
the paper cartons. This work emphasized the fact that 
the susceptibility of films to blemish formation in the 
presence of peroxide is conditioned by other factors . 

The silver grain, as formed in the gelatin matrix 
during development, is inherently unstable. In the normal 
photographic process, silver filaments become coated with 
sulfur atoms during fixation. It is this coating that 
stabilizes the grain structure. Films fixed a relatively 
long time and films retaining a small amount of hypo after 
washing acquire more sulfur and have been found to be 
quite resistant to blemish formation when they are exposed 

to peroxides, even at high humidity. 

It was also found that when silver is oxidized and 

reduced in the presence of chloride ions, the reduced 
silver becomes incorporated with silver chloride in a 
colloidal form. Laboratory demonstrations have shown 
that a reddish colored colloidal silver is formed by the 
reaction of hydrogen peroxide with pure metallic silver 
in the presence of a small concentration of chloride ions. 
The characteristic color of the blemishes has been attri- 
buted to the presence of this colloidal material. 
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This suggested an investigation into the effects of 
chlorine in the wash water on film stability. It was 
found that films washed in distilled water were faded by 
peroxide attack but typical blemishes did not form. A 
small concentration of chlorine, therefore, appears to 
be essential for formation of typical blemishes. 

The study also revealed that the incidence of spots 
increased with the optical density of the image. In one 
experiment, a step tablet exposed to peroxide-treated 
paper developed blemishes on all steps having densities 
of 0.58 or more; none, however, formed at densities of 
0.43 or less. The incidence of blemish formation also 
increased for each step above 0.58. 

While the differences in blemishing on various 
brands of film were not significant, the processing 
equipment was found to be an important factor. In fact, 
the formation of blemishes on film processed by a partic- 
ular machine so out-weighed the other statistics in the 
survey that it became necessary to run a second analysis 
without these data. Fortunately, this type of machine 
is no longer on the market. 

Results of the study have indicated several pre- 
cautionary measures that may be taken to prevent blemish 
formation: 
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1 

1. Use safety base permanent record film as specified 
in the ANSI (formerly USASI) specifications for 
photographic films for permanent records. 

2. Use no higher densities than are required for the 
intended purposes and use dark characters on a light 
background if this is feasible. 

3. Residual thiosulfate concentration should not exceed 
1 microgram per square centimeter, but should be 
greater than zero. The optimum concentration appears 
to be about 0.5 microgram per square centimeter in a 
clear area . 

4. Keep processing machinery and film clean. 

5. Avoid scratching film. 

6. Store films in containers made of inert materials, 
such as metals or plastics of proven quality. With 
good ventilation and clean air, the containers need 
not be sealed. 

7. Do not permit storage temperature to exceed 70 °F 
nor the relative humidity to exceed 40 percent. 

8. Avoid wide-range cycling of temperature and humidity, 
since this accelerates the imbibition of gaseous 
contaminants . 
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4 January 1971 


DDS MICROFILM SURVEY 


1. Seven reports were received from the DDS Offices. 

2. The last report was received on 10 December 1970* 

3. A survey was made on all records received in the Records Center 
from Agency Organizational Elements for FY 1969, 3-970, and to 19 October 


25X1 


25X1 


25X1 


1970. 

4. The following was found: 

a. l4 , 205 cubic feet of records, housed in office space, were 
identified by the offices for review and for the possibility 
of microfilming. 

b. 13,200 cubic feet of records stored in the Records Center 
were identified by offices for review for microfilming 
possibilities. 

0U ' 

-7^ c. 1,340 cubic feet of . records are normally transferred 

i 

from office space to the Records Center each year. This 
group of records must be evaluated along with the office 


holding and also those in the Records Center. 


25X1 


5. I have talked to 


regarding the Survey. 


6. Mr. 


7. Mr. 


and I reviewed the Survey Sheets . 

suggested that I followup on the office of Communications 


microfilm program. On 18 December 1970, I met witl 


and John 


25X1 for a briefing and the developments in Commo. I then met with 

at her office. She explained briefly that she would 
like to microfilm everything feasible in the Office of Communications. 

She has ideas of what she would like to microfilm. Virginia also has been 
seeing vendors regarding the various types of microfilming equipment. She 
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had Mr. 


of CRS to put on an 


exhibit of microfilm equipment for the personnel of the Office of 
Communications. Virginia is anxious to get microfilm going in Commo, and 
would like to be used as pilot installation. She feels the biggest item is 
getting money. There are questions of who would do the microfilming 
photography, etc. 


25X1 


8. I met with 


md we reviewed the DDS microfilm 


25X1 


25X1 


survey forms. 


seemed impressed by the volume we received to be 


reviewed for microfilming possibilities. 


offices with me. 



is ready to go to the 


9. On 23 December 1970, I met with 


and reviewed the 


25X1 


survey sheets for OTR. 


a. We met with 


25X1 


OTR/AIB, regarding the micro- 


filming of the course roster. She likes the idea of 


25X1 


filming the course- roster so that her shop will have 
the information at hand. She feels if furnished the 
camera and training her office could do the filming 
"in house". Of course, this must be checked out with 


25X1 


In addition, 


would like for the machine run of the 


Language Qualification Register (LQR) to be put on film. 
This comes from the Office of Personnel, and it would be 


25X1 


a COM application. It is produced semi-annually. 

We have an understanding that we will have another meeting, 


25X1 


at which time 


will be with us for his views, 


25X1 


advice, and what support we can get from PSD, 


and I met witl 


of the Career Training 


Program and discussed her Career Training individual case 


- 2 - 
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STATINTL ■ 

16 July 1970 m 


Mr 


For Information only: 

Neither SSS nor the Agency is involved. 

The USIA in Tokyo is seriously entertaining a 
proposal from National Cash Register (NCR) to put 
Government Documents on Microfiche for sale by NCR 
in Japan. 

I find this paper sufficiently informative to 
warrant a quick reading, but the plan is quite 
vague as to specifics of size fiche and volumes or 
the system. Pages 9 and 10 cite a few other note- 
worthy projects as background. 

The operation by NCR will be similar to the 
Defense Documentation Center (DDC) which sells 
microfiche of classified reports and by the Depart- 
ment of Commerce "Clearinghouse” for unclassified 
publications. 


/S/ 


Attachment : 


STATINTL 
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MICROFILM SURVEY 

ORGANIZATION UNIT REPORT 



NAME OF ORGANIZATION UNIT 


NAME OF PERSON TO CONTACT 


TELEPHONE 


INDICATE WHETHER THE PREPARATION OF RECORDS FOR MICROFILMING. THE REPRODUCTION OF FACSIMILES FROM EXISTING MICRO- 
FILM OR THE MICROFILMING OF RECORDS WERE CARRIED ON DURING FISCAL YEAR 1954'. 

| "1 YES | | NO 

/if yes, complete schedules -a- and -b-J 


SCHEDULE A - MICROFILM OPERATIONS : 

t NSTRUCTIONS : Insert in column A title (or brief description of file) of each group of records microfilmed during 
fiscal year 1954. Include sizes of records. Insert in column B number of images for each group described in column 
A. Insert in column C number of 16>*M and 35MM film rolls for each group of records listed in column A. Show in 
column D by whom records were filmed. Use fo 1 lowing code; 1 s Repor t ing o r gani sat ion uni t . 2 s LO/P&RD. 3 c Else - 
where within Agency . 

In column E . if records were filmed by reporting organization unit , show by whom film was developed . Make no entry 
if filming operations were accomp 1 i shed by other than reporting organisation unit . Use following codet 1 a Report - 
ing organisation unite 2 * LO/P&RD. 3 a Elsewhere within Agency. 

lh column F show general purposes for which records were microfilmed. Use fol lowing code: 1 - Disposal (To reduce 

cost of space or file equipment requirements.) 2* Vi t al Mat er i a 1 a pro gr am . 3 *. Preservation o f Deteriorat ing rec- 

ords. 4 = To produce film or paper copies. 5 * To reduce time or labor of current office operations . Explain 
briefly on separate sheet and attach to schedule . 6 r To quickly copy borrowed records. 7 z Other. Describe on 
Separate sheet and attach to schedule . If used for more than one purpose , list codes in order of relative import 
tance, with most important listed first. 

In column G show how long paper record should be retained. In column H check YES or NO whether paper records were 

destroyed after filming . — - 

-i— — | 1 | -l “1 i I — 

1 a I C I 


DESCRIPTION OF RECORDS 


NUMBER 

OF IMAGES 

NUMBER 

OF ROLLS 
( 100 ft.) 

F 1 LMED 

BY 





DEVELOPED 



PROPOSED 
RETENTION 
PERIOD FOR 
PAPER RECORDS 




SEE SCHEDULE "B" ON REVERSE SIDE 


iFORM NO* 


31 Approved For Release 2009/07/16 : CIA-RDP74-00390R0001 00060007-4 







Approved For Release 2009/07/16 : CIA-RDP74-00390R0001 00060007-4 


SCi. JULE B - F ILM INVENTORY AND REPRO DUCT ...» DATA 

INSTRUCTIONS: In item 1A show number of rolls of raw negative film, in terms of 100* rolls, by size, delivered to 
reporting organization unit during fiscal year 1954 . (Some film, packaged in '200* lengths , should be reported in 
terms of 100* lengths.) In item IB show number of rolls of raw negative film, in terms of 100* rolls, by size, in 
inventory at microfilming project site, or elsewhere, e.g. warehouse or supply areas, on date questionnaire is ex- 
ecuted. In item 1C show number of rolls of raw negative film entered under IB which have an expired emulsion date . 
In item 2 show number of duplicate film reels, such as positive, ozalid, etc., prepared from negative microfilm in 
possession of organization unit during fiscal year 1954 by size . 

In item 3 show number of paper prints made or purchases during fiscal year 1954. ' 

~~~~~~ ' U R AWN EG AT I V E FILM |2. DUPLICATE REELS PRODUCED FROM NEGATIVE 


NUMBER OF REELS 



3. NUMBER OF PAPER PRINTS 


INDICATE WHETHER YOU HAVE ANY MICROFILM EQUIPMENT UNDER CONTROL OF YOUR ORGANIZATION UNIT. INCLUDE READERS. CAMER- 
AS. ETC. IN STORAGE AS WELL AS THOSE IN OPERATION. 

1 | V E S [ ] N 0 

/If yes, complete schedule "cf/ 


SCHEDULE C - EQUIPMENT INVENTORY 


INSTRUCTIONS: In column A enter the various types of equipment (cameras, readers, etc.) in inventory (that is, 
equipment in use as well as in storage or on loan to other organization units as of the date the questionnaire is 
pr spared. ) 

In columns B, C, D, & E list on separate line each type, make, model and aerial number of microfilm camera, automatic 
feeder , enlarger and automatic film-processing and film-printing equipment and readers used in filming and inspec- 
tion processes. 

In column F indicate purchase or rental cost of each piece of equipment. If acquired after 1 July 1953 also indi- 
cate month of acqui si t ion . 
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